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The Determination of the Anticoagulant Rodenticide
Brodifacoum in Blood Serum by Liquid Chromatography

with Fluorescence Detection

Lawrence J. Fellée and Michael J. Murphy

Department of Veterinary Diagnostic Investigation, College of Veterinary Medicine,

University of Minnesota, St. Paul, MN 55108

A sensitive method utlilzing reversad-phase liquid
chromatography with fluorescence detsction has been
developed for the analysis of the anticoagulant rodenticide
brodifscoum in blood serum. The serym proteins are
Precipitated with scetonitriie and the supsmatant mixed with
w.m.mmnnmhummﬂmb
dryness, and the residue subjected to chromatographic
analysis. Extraction efficlencies of brodifacoum at
concentrations of 20, 60, and 300 ng/mL were 82.9, 93.4,
and 93.83%, respectively, with coefficients of variation {CVs)
of 3.52, 4.07, and 3.68%, respectively. The inwrarun precision
(CV) without an internatl standard at concentrations of 20, 60,
and 300 ng/mL wars 1.93, 4.89, and 1.51%, respectively,-
and 3.36, 5.94, and 3.66% with an internai standard. The
Interrun precision over the concentration rangs of 201000
ng/mL ranged from 1.88-6.22% without an internal standard
and from 2.07-12.6% with an intemal standard. Brodifacoum
was measurable o at ieast the 1-ng/mL level.

Introduction

Brodifacoum {Figure 1} is a second generation anticoagulant
rodenticide commonly used by professional pest control opera-
tors and in over-the-counter products. inadvertent exposures
in nontarget species, including dogs, cats, and bumans, have
been reported (1-4). .In both humans and animals weecks of
vitamin K1 therapy may be required to correct a coagulopathy
dué to brodifacoum exposure (2.5). A method to confitm
absorption in cases of expected exposure, 10 evaluate exposure
in coaguiopathies of undetermined origin, and to determine the
toxicokinetics of brodifacoum is needed.

Existing methods for brodifacoum detection are focused
primarily on' the analysis of baits or tissue residues and are
generally too tedious and time consuming forthedinia.lsm:‘ng.
Tissuc sesidue methods for brodifacoum have relied primarily
on liquid chromatography with both normal and reversed-phase
systems (6-10). Both fluorescence and UV detection have been
used. In this report a reversed-phase liquid chromatographic

system with fluorescence detection is presented for the analysis

MWUMMCKMHh

. of brodifacoum in canine serum. Although developed on canine ]

serum, the method has been successfully applied in human
exposure cases and should prove valuable in the human toxj-
cology setting as weil. o

“Experimental

Materials. Brodifacoum and difenacoum were gifts from ICT
Americas. Acetonitrile, methanol, and ammonium acetate were

HPLC grade from Baker Chemical, Ethyl ether was anhydrous -

AR grade from Mallinckrade, Triethylamine was Aldrich
Chemical gold label grade.

Appararus. Chromatographic analysis was performed on a
Hewlett-Packard. 1090A chromatograph equipped with ag auto-
matic sampler, a ternary gradient pumping system, and a
Shimadzu RF-530 fluorescence detector. aphi
areas were measured with a Hewlett-Packard model 3392 elec-

tronic integrator. The analytical column was 2 Beckman Instru-

ments C,, Ultrasphere 250- x 4.6-mm <oluma.
Chromatographic conditions. The mobile phase consisted of
84% methanol and 16% ammonium acetate/triethylamine

‘buffer pumped at a flow rate of 1 inL./min. The methanol and

buffer were mixed on jine by the gradient pumping system.
Sepuzﬁmuwmcarﬁedoutnambimttunmm.ThebuHer
was prepared by dissolving 3.85 g ammonium acetate, 2 mL

Frt;.ﬂmwmmﬂofuwhmmxﬂdmtﬂmm
(R = H).




acetic acid, and 2 mL triethylamine in ] L distifled water. The
fluorescence detector excitation wavelength was 285 nm and the
emission wavelength was 390 nm.

Serum extraction. The difenacoum internal standard (100 xL,
2 mg/L) and 4 mL aceronitrile were added to 2 mL serum in
a15- x 125-mm screw cap culture tube. The tube was vortexed
and centrifuged, and the supernatant was pouted into a 25- x
150-mm screw cap culture tube. An additional 2 ml acetonitrile
was added to the precipitate and vortexed. The acetonitrile was

poured off and combined with the first extract. Approximate-

ly 12 mL of diethyl ether was added to the acetonitrile extract
and mixed by inverting the tubes several times. The layers were
allowed to separate and the bottom aqueous layer was removed
with a disposable pasteur pipet and discarded. The ether layer
was poured into a clean 25- x 150-mm culture tube and con-
centrated under a stream of nitrogen in a water bath at 55°C.
When the volume was reduced to approximately 4 mL, the ex-
tract was transferred to a 12-ml. conical centrifuge tube with
a disposable pasteor pipet and evaporated to dryness under
-nitrogen at $5°C. The residue was reconstituted in 200 4L
methanol. The tubes were briefly immersed in a sonic bath to
aid in dise~lution. The residue was transferred to an autosampler
vial and 20 uL injected automatically onto the HPLC column.

Standard solutions and serum standards. A stock solution
of brodifacoum (332 mg/L) was prepared by dissolving 8.3 mg
brodifacoum in 25 mL of acetonitrite. Two working standard
solutions of 2 mg/L and 20 mg/L were prepared by diluting

. the stock solution in methanol. Serum standards in the range

of 10 to 1000 ng/mL. were prepared by adding .10- to 100-xL
quantities of the standard solutions to 2 mL of serum. The
difenacoum internal standard stock solution (184 mig/L) was

prepared by dissolving 4.6 mg in 25 mL acctonitrile. The work-

ing internal standard was prepared by diluting the stock solu-
* tion 1o 2 mg/L in methanol. All standards were stored at — §°C.

Precision, accuracy, and linearity. Three sets of twelve 2-mL
serum samples were spiked with brodifacoum to give final con-
centrations of 20, 60, and 300 ng/mL. Intrarun precision was
measured using these samples. Six of the 12 samples were run
with 100-4L internal standard (2 mg/L) and six without the
addition of an internal standard. For Bnearity measurements,
five sets of ten 2-mL serum samples wer. prepared. Each set
was spiked with a brodifacoum concentration of 20-1000
ng/mL and stored at —25°C. The linearity of each set was
determined on tach of five consecutive days.

Results and Discussion -

Chromatography. On the reversed-phase system used in this
study brodifacoum is not resolved inro its cis and trans isomers,
but chromatographs as a single symmetrical peak (Figure 2).
Brodifacoum is well resoived from background peaks found in
canine serum. Other hydroxycoumarin rodenticides, namely
warfarin and bromadiolone, elute at 2.7 min and 3.3 min,
respectively, and do not pose an interference problem.

Extraction. A number of solvent systems were found to
effectively extract brodifacoum from aqueous solutions.
However, wr+n applied to serum samples very little bro-
difacoum was extracted, indicating strong interactions with
scrum macromolecules. Precipitation of serum proteins with
perchioric acid before solvent extraction did not significantly
improve recoveries. Precipitation of the serum proleins with

230
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‘spiked with 20 ng/mi. brodifacoum, and (C) canine serum spiked with
20 ng/mL braditacoum and diphenacoum mntemal standard, )

acetonitrile did result in satisfactory recovery of brodifacoum
in the supernatant. Extraction efficiencias of brodifacoum at

~concentrations of 20, 60, and 300 ng/mL were 82.9% 1 3.52%

{CV), 93.4% + 4.07% {CV), and 93.8% 2 3.68% (CV), re-
spectively, where n = 6. The addition of ethyl ether to the
acetopitrile extract eliminates some of the water from the ex.
tract. This results in a more rapid evaporation of the extract
and eliminates a large quantity of methano! insoluble material
in the residue, - '

Internal “standard. Diphenacoum (Figure 1) is an ideat

candidate s an internal standard based on its physico-chemical
properties. It is structurally similar to brodj facoum, flouresces
with similar intensity, and is extracted with equal efficiency.
However, its chromatographic behavior is Jess than ideal. Dj-
phenacoum elutes from the C.. column telatively early and is
not totally resoived. from the void volume peak. It is therefore
necessary to measure its area on a sloping base line. Attempts
to move diphenicoum away from the solvent front by reducing
the methanol composition of the inobile phase resutted in an
unaccepiably broad brodifacoum peak.

The method works well without the use of an internal stand-
ard, Use of difenacoum does not appear to significantly improve
the precision or the linearity of the method; it is useful however
to ensure that no gross errors have occured. Statistical results
are presented for calculations based on analysis with and without
the use of an internal standard.

Precision. The intrarun precision (CYV) for brodifacoum at
concentrations of 20, 60, and 300 ng/mL was 1.93%, 4.89%,
and 1.51% (n = 6), respectively, with the use of an internal
standard. The intrarun precision {CV) without the .use of an
internal standard at 20, 60, and 300 ng/mL was 3.56%s, 5.94%,,
and 3.66% (n = ¢), respectively. The interrun precision is
shown in Table | for ten concentrations of brodifacoum in the
range of 20-1000 ng/mL, run on five consecutive days. The
cocflicients of variation ranged from 1.88% 10 6.22%, without
an internal standard and 2.07% to 12.6% with an interpal
standard.

Linearity. Straight lines were obtained over the concentra-
tion range of 20~ 1000 ng/mL when the concentration was plot-
ted versus the peak area of brodifacoum or versus the ratio of
the peak area of brodifacoum 1o the peak area of the internal
standard. The linear regression parameters for calibration lines
measured on five consecutive days are presented in Table 1§,
The correlation coefficients ranged from .9924-1.000.

-,
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Table | Interrun Precision Data .—Brod ‘
) . . ] & |
Conceiration v Al , 8
{rg/mL) Witheut 130+ With 13D***
584 3 Brod
20 . .42
40 5.30 2.07 ~
60 483 10.9
80 485 419
100 $.34 7.94
200 6.22 5N
400 1.88 3.60
600 1.92 358
800 310 5.96
1000 374 12.6 ST
'Emmwummmnmﬁnmﬂmnmnmfmmmmmcm. \'\
" Based on the measyrement of brodiacoum peak area
"‘Mmmmdmmummbmnnm
1 1 1 1 1 ]
2 4 6 ‘ 2 4 8
Table II. Linear Regression Parameters TIME (min)
Day intercopt Slope Corv. Cost. Figwre 3. Chromatograms of (A) canine serum containing 50.0 ng/my
fom a dog poisoned with broditacoum and (B) of human serum
1 278 Conc. Z'gi 0';“* Ara wn L containing 97.5 ng/mL. broditacoum from 3 poisoning victim,
2 =144155 22974 9993
3 ~652254 24167 1.000
4 ~-81970 23108 .9999 .
3 -84796 21656 9999 References
Conc. vs. Peak ArealiSD Ratio )
1 1433 0120 9545 .
2 -.2380 0154 9924 1 1. M.D. Duvall, M.J. Murphy, AC, Ray, and JC. Reaga. Case studies
3 =038 - 0137 ) 9992 o dwmmmhw
4 0209 .0126 9984 m.tmoug.mu:ae-uum; T
5 - 0222 0134 - 9939 2.ELC. Jones, G.H. Grows, and S.C. Naiman. Prolonged anticoagula-
tion in rat poisoning. J Am. Med. Assoc. 282: 30053007 (1964).
. ) ana.umnmau.mumw' ion of & ™
Sensitivity, Brodifacoum can be readily measured at the mmm-mm:&al Am, Med,
1-ng/mL level. At levels below § ng/ml the chromatographic "Assoc. 252: 3004-300% (198.), : oo -
injection volume should be increased to 50 4. Also, the inter- 4.BK Park, |A. Choonara_ AP Haynes, AM. Brackenridge, RG. Maka,
nal standard should be eliminated or reduced in concentration, ;ﬂd F.E. Preston, N;W"W vitamin K metaboksm in the presence
_— : by - nommal clotting factor activity. in factory. workers exposed 1o
,smcv:e_at these low levels the bl_‘od:facoum peak- is obscured by “hyd marins. Br . Gy, 21 (196¢).
the internal standard peak tail, 5ME "oXYCou Pharmacol 269-94
L, - . . . : ..mum.MJ.Murphy.andaJ.Mcdy.Cum
Application. The procedure described in this paper is success- W. Kirk, Ed. W.8. Saunders, Philadeiphia, PA, 1998, 0. 15685,
fully being used in a veterinary diagnostic setling to aid in the 6. K. Humer. High-performance liquid chromaogmphic strategies for the
confirmation of suspected brodifacoum exposure in <mall determination and confirmation of anticoagulant rodenticide residues
animals. Figure 3 shows a chromatogram of a canine serum in animal tissues. o Chromatoge 321; 265-72 {1985).
sample from a brodifacoum-poisoned dog. The animaldiedof = 7.K. Hunte:. Dstermination of coumarin anticoagulant rodenticide
pulmonary hemorrhage, congestion, and edema, and the owner reaidues in animal tissue by high-periormance liquid chromatography.
Cog - . S - J,Chmmabgcan:zs?-n(tscaj.
had used a brodlfacoum-conta:mng rodenticide. 8 DE. Mundy and A F. Machi .
! % N R .F. in. The multi-residue determination
Nmouchﬂmwommﬁﬂnﬁwmmhmmm Wwwhmmwﬁm
tic toxicology, the method has been successfully applied to a periormance fiquid chromatography. Chromatoge 234: 427-35
number of human cases and should prove valuable in the human (1982).
clinical setting. Figure 3 shows the chromatogram of human 9. AJ. Kisboom and CG. Aammell. Determination of braditacoum in
serum from a patient suspected of ingesting brodifacoum. A ("“sfmm;'“'"““ By HPLC. Bukl. Environ. Contam. Taxicol, 26:; 674-18
In cases which require further confirmation, the GC/MS y . -

: ) ’ 10. K.G. . J.P. Ussary, and R.E. pressu
procedure of Ray et al. (11) has been used in conjunction with chmmm determination of g.wqb':m-m':":u -
HPLC. HPLC positive samples are subjected to chromic acid tissue. /. Assoc. O Anal. Chem, 62: 1297-1301 (1979).
degradation. Both brodifacoumn and bromadiolone are degraded . AC. Ray, M1 Murphy, M., Duvak, and 2.C. Reagor Determination
to bromobenzoic acid which js then analyzed by GC/MS, of broditacoum Wbmmomhmwmw

In summary, we have presented a method for the measure-
ment of brodifacoum in blood serum which should be of valye .
for the diagnosis of brodifacoum poisoning, as well as for Manuscnpt received September 19, 1988;
toxicokinetic studies of the compound. fovision received February 7, 1989
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Determination of brodifacoum and bromadiolone residues
in rodent and canine liver

Allen C. Ray, PhD; Michael J. Murphy, DVM, PhD; Michael D, DuVall, Dvps, MS; Jokn C. Reagor, PhD

SUMMARY

A method to determine residye concentrations of anti-
coagulant rodenticides, brodifacoum (BF) and bromadiolone
(BD) in liver was using gas chry; A
spectrometry. Nine dogs were given 1.1 mg of BF/kg of body
weight, Po, in polyethylene glycol 400, one time. Ratg were
fed BF or BD (via commercial baits) in amounts from 0.28
to 11.25 mg/kg over 1- to 4-day periods. Fresh liver samples
were collected at necropsy from all rats and 3 dogs

, ground
¥ith Na,S0,, and extracted with CHCI:MeOH (9:1), After _

urification were per-

‘The evolution of warfarin-resistant rats has resulted in
the introduction of more effective anticoagulant rodenti-
i i i and bromadiolone

Ported that inquiries regarding rodenticides had in.
creased to 17% of calls, and these products were the most
frequently involved class of agents cited. Over 729 of
concerning anticoagulant-related toxicoses involved

—_——
Received for publication Aug 10, 1987,
From the Texas Veterinary Medical Diagnoatic Laboratory, PO Drawer 3040,
College Station, TX 17841,
b Supported by grants from the AVMA Foundation and the Alpo Veterinary Grant
togram,
* Brodifacoum. IC] Americas [ne, Wilmington, Dej,
* Bromadiolone, Chempar Chemica} Co. Schenectady, NY.
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ation of Poisoning as a result of these com-

-pounds 13 a considerable diagnostic problem, because other

causes of coagulopathy (ehrlichiosis, infectious canine
hepatitis, disseminated intravascular coagulopathy, au-
toimmune throm penia, aflatoxicosis, heat stroke,
and inherited clotting-factor deficiencies) are sometimes

" encountered. Current methods use high-pressl.ufe liquid

Materials and Methods

Animals—Eight male and 4 female adult Sprague-Dawle_v
rats weighing 400 to 450 g were used. Rats

Dosing regimen—To simujate conditions of natura] poison-
ings, rats were fed commercia] bajte containing 50 ug of BF/g of
bait in measureq amounts after not being fed for 24 hours. Sin-
gle doses of bait corresponding to 0.28 mg of Br/kg of body weight
(LD, dose)® were weighed and feq to 3 rats in individual .
The bait was consumed within 6 hours by each rat. Multiple
dases of 30 g each of bait were fed to 4 rats in individual cages

of each 24 hours, the re-
maining feed was weighed to determine the amount ingested

Am J Vet Res, Vo! 50, No. 4, April 1989
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after vitamin K, treatment.
Under the same conditions as the BF study, rats were fed

commercial baitd containing 50 pg of BD/g of bait in measured

quantities ranging from LDy,” amounts (1.25 mg of Bo/kg, single

dose, 3 rats) to 6.75 mg of 80/kg and 10.6 mg of BD/kg (multiple
doses of 30 g each/24 hours for S days, 2 rats), =

In both studies, rats were monitored every 2 to 6 hours for
the appearance of clinjcal signs of texicosis (eg, lethargy, he-
matomas, epistaxis), at which time rats were euthanatized in
CO, chambers. Rats that survived for 7 days and had no clinical

Extraction technigue —Tissue (Liver or kidney, 10 to 12 g) was
ground witl_1 20 g of Na,S0, in a mortar and pestle and was

fume hood, it was dissolved in 1 m} of CHCI, and was loaded
onto a silica cartridge,* and anticoagulants were eluted with 5
ml of reagent-grade CHCl,; {containing 0.75% ethanol as pre-
servative). The eluate was transferred to a large glass tube, and
the CHCI, was evaporated. The residue was oxidized for 1 hour
at 90 C with 20 ml of chromic acid solution (0.16M in acetic
acid).** Distilled H,0 (20 ml) was added, and oxidation products

were extracted with CHCl,_‘(zx, 40 ml each), Pooled organic -

fractions were dried by ﬁlt.er_mg through Na,SO, and were evap.

extraction, and derivatization were performed as described for

GCIMS analysis—Methyl-4-bromobenzoate (MEB) was ana.
lyzed by Go/ms usinga 1.83-m x 2-mm (D) glass column packed
with 3% stationary phasei on 100- to 120-mesh solid support.
Operating conditions were: injection port, 266 C; temperature
program, 120 C to 270 C at 10%/min; solvent delay, 2 minutes;
ion monitored, 183 or 185 mass/charge {m/z); injection volume,
1 to 5 ul; Nlow rate, 30 ml of zero-grade helium/min.

HPLC analysis—To medasure quantitatively the conversion of
BF and BD to oxidation products in yield and kinetic studies, 4-
bromobenzoic acid (BBA)* was anaiyied by HPLC! with a dual
wavelength detector, dual pen recorder, and a reverse-phase
column= (5 Km; 25 cm x 4.6 mm), The solvent system was 1.5%

—_— .
“ Just-One-Bite, Farnam Co lac, Omaha, Neb.
* Sep-Pak, Waters Associates, Milford, Mass,
" Regis Chemical Co. Morten Grove, I,
¢ Firemaster, Michigan Chemical Co, St Louis, Mich.
* 5992B, Hewlett-Packard Co, Palo Alto, Calif

Am J Vet Res, Vol 50, No. 4, April 1989

to;s (2.61 for BF, 2.63 for BD), and W =

acetic acid (pH 4.5):acetonitrile BPLC grade®
conditions were: flaw rate, 2 ml/min; chart s

(1:1). Operating
m ., 1.25 <m/min;
UV detection, 254 nm; sensitivity, (.2 absorbance units fy])-
scale; injection volume, 1ty 5 rl.

solutions in CHCI, (2 ug/ul). After samples were shaken for 30
minutes with the extracting solvent mixture, they were oxi-
dized, extracted, and assayed, as described Previously.

Kinetics and yields of BBA formation —Brodifacoum (2 mg) or
BD (2 mg; both from standard solutions containing 1 mg/m] jn

{lmg of BBA/mM] X (V x CFI/W} x 100 = percentage
of yield of 8F or Bp .

'where V= sample volume in milliliters, ¢cF = conversion fac-
weight of BF or BD in

Concenh-‘ation in Ii\ér‘ was caleulated as follows:
{ng of MBE (as BBAYul x (V x cr)w
= ngof BF or BD/g

where V = sample volume in microh'ters and W = weight of

liver in grams, :
D=3:Xi - Om

where Xi = individual reading, ¥ = mean, and p = number

of replications. )

Results

f'ragmen_ts of the coumarin nucleus from BF or p were
not recognized. Apparently, this Structural unit does not
survive the chromic acid treatment, because fragments
of standard 4-hydroxycoumarin could not be detected after
oxidation and extraction. To determine whether ubiqui.
tous PBB mixtures contained g monobrominated anslog
that would yield maa on oxidation and possibly lead to

“ Fisher Scientific Co. Fair Lawn, NJ.
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o] Q
CrO3 /HAC N TMAH #
Brodifacoum ———-- Br—©kc—-ou —e— Br—Q—C—O—Cﬂg
522 Mw 90 C, 1 n

4-Br-Benzoic Acig Methyl-a-bromobenzoate
200 Mw 214 MW

Bromadiolone
526 Mw

Fig 1 —Chromic acid oxidation and derivatization of brodifacourn and bromadiolone. Mw = molecular weight, HAC = acetic acid: ThAN = trimethylanilinium

‘ hydroxide.
TABLE 1—Mass spectrum of mew'%_l‘)romo-' with 20 ug of BF/g of tissue (4 replicates) and 2 pg of BF/
Denzoate . ~ goftissue (4 replicates) were 479, (D, *+ 3.6%) and 36.9%
Mass (ova) Abundance (%) (D, = 2.4%), respectively. However, if corrected for the

50
51
§9
63
73
T4
K]
"%

7
91
92
103

104
105
119
135

155
156
157
158

183
184 -
185 .

186

214
215

actual yield of 8BA from BF, as established previously,
these numbers increased_t.o 66% (D, + 5.1%) for the 20
- +g/g spike and to 31.8%.(D, = 3.3%) for the 2 1g/g spike.
Consequently, recoveries of BD from liver spiked with 5
pg of BD/g of tissue (3 replicates) were 49.8%, (D, = 5.6%)
as absolute values and 96.1% (D, = 10.1%) if corrected
for the actual yield of ppa from BD. Nonspiked liver ex-
. tracts were free of coeluting interferences. o
racteristic fragments in the mass spectrum of MBB
(Table 1) were dominated by the presence of ®Br and 8By -

g
g'
&
§-
g
B
:
]
ag
:
w

and confirmed by Gc/us). Derivatization with Tvan was

g}? chosen for the present study, because the reaction is in-
™z = massicharge stantaneous. ' )

Although the Progression of anticoagulant Poisoning in

8.k

erroneéous results, the PBB preparation was subjected to of gp and gr (Table 2) had no outward signs of clinical
the assay Pprocedure; BRA was not detected. . .3 ; imi
Conversions of standard BF and Bp to BBA after oxida- pr had small amounts of blood in the thoracic cavity and
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T e s (RSHKIUES 1N Hveil o tats ang
»

gdogs

. Rodenticide
_Animal _ Total Dosage Survival concentration*
No. Sex dose img; tmgikn) time (days) (ug’gj__
Brooiracoum
Rats
1 F 425 10.6 134 6.5
2 " 3.0 15 5 8.1
3 F 4.0 100 5 210
4 F 45 11.25 7 0.9
5 M 0.13 0.28¢ 7% 22
(] ™ 0.13 0.28t 7t 04
7 M 0.13 0.281 g3 < 0.06

D‘;p ™ 18.0 Lt 7 0.08
2 ™ 310 it 5 ‘ 04
3 M 225 Lt 11 0.3

BROMADIOLORE

Rats
1 F 1.25 10.6 3 22
2 M 2.7 &.75 6 2.0
3 M 051 1.25¢ 5% < 0.06
4 M 0.51 ' 1.25t 5t < 0.06
5 M 0.51° 1.25¢ 51 < 0.06

* Not corrected for recovery: < 0.06 = none detected. t Single oral dose.
# Euthanatized.

TABLE 3--Brodifacoum (sF) residues in tissue from
Species poisoned in the field

Calculated as gre
Species Organ {(ugig)
Llama Liver L1
"Dog Liver : 0.95
Dog Liver 0.33t _
Kidney 0.010t
Dog Liver < 0.006¢
Human Kidney - 0.059t
being { Liver 0.057+

- Notoormct.edforreeovery; < 0.008 = none detected.
t Determined by capillary gas chromatography/mass
Spectiometry,

Analyses of hepatic tissue from these dogs and rats (Ta-
ble 2) and from hepatic and renal tissue from naturally
porsoned species {dogs, human beings, and llama, Table

3) for MBB (expressed as BF or BD) indicated that residues -

from BD were usually less than were residues from Br,
and that kidney may be as suitable a sample for analysig
as liver. None of these values was corrected for recovery.
A sample chromatogram from analyses of these liver ex-
tracts (Fig 2) revealed the presence of selected ion (183
m/z) and total ion peaks. Characteristic masg spectral
doublets were detected and

monly used rodenticides. This technique also offer«
comparable sensitivity and much-improved selectivity as
contrasted with existing HPLC methods. In the Present study,

Am J Vet Res, Vol 30, No. 4, April 1989

lon 183"

Full
Scale
19

1X
0.1Xx

X

Response

Total.
Abundance
Fult ©cale o
" 5000

C.1X
3 4 56 7 8 9 10
Retention Time {rnin)

Fig 2—Gas chromatography/inass chromatogram for analysis
of methyl-4-bromobenzoate {mes) from liver extract of rat 3 given 4 mg of
brodifacoym. lon 183 m/z = single ion monitoring; abundance = total or
single ion counts, mw = molecular weight: m/z s« mass/charge.

BD was less persistent in liver and may be eliminated mare
rapidly than is BF. This observation is consistent with the
comparative- toxicities of the 2 ¢ompounds.®® As | cted,
higher doses of BF or pp resulted in more severe lesions and
clinical signs of poisoning and, generally, higher concen-
trations in the liver.

ials in rats wer. conducted to provide authentic sam-
ples for method evaluation and were designed to simulate
hatural poisoning conditions. In addition to spiking exper-
iments, dosing of animals was necessary to address such
variables as metabolism, binding, and disposition of the
toxicant. In dogs, un rized factors apparently influ-
ence the toxicity of BF, as evidenced by the wide range of
LDso values.®” The selected dose was in the lower end of

were aggressive, unknown predisposing factors may have
contributed to the demise of the 3 dogs.

Recoveries and conversions for these compounds are
rather low, but precise and adequate for diagnostic and
residue work, Sensitivity is certainly adequate, but could
be improved by use of an electron-capture detector, with
a concurrent loss of selectivity. Preliminary work with
capillary cc/ms is promising, with sensitivity increased
approximately tenfold. This method also has been adapted
to bait and blood samples. Several unexplained coagulo-
pathies in human beings have been confirmed as antj-
coagulant toxicoses, using Gc/Ms. 18
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I Vet Diagn Invest 1:66-68 (1989)

Case studies on second-generation anticoagulant rodenticide
toxicities in nontarget species

cats were submitted to the Texas Veterinary Medical Diagnostic Laboratory during 1986 and 1987, The clinica)
signs most frequently observed were lethargy, dyspnea, and ventral hematomas; common necropsy findings
included kemoperitoneum, hemothorax; and pulmonary hemorrhage. In the instances when histopatholo'gical
examination of the tissye was done, it supported a diagnosis of coagulopathy. The presence of anticoagulants
in serum or liver was confirmed by high pressure liquid chmmatognphy, gas chromatography/mass spectrom-
etry, ora i:ombinan‘on'of the two. Five cases of brodifacoum Poisoning, 2 of bromadiclone, and 3 of diphacinone

The evolution of the warfarin-resistant rat has re- of clinical signs. Three of these dogs subsequently died,
sulted -in’ the development and marketing of several whersas i dog and the cat recovered following vitamin K,
more effective rodenticides. These new compounds, therapy (both of these animals were known 10 have ingested
collectively referred 1o as second-generation antico- aoucoagulant bait). One dog did not respond to vitamin K,
agulant rodenticides, include brodifacoum (BF), bro-  therapy. Clinical signs included lethargy, Bematuria, dysp-
ot T e o7 06 i 2t o oty e

' ch.lorophacinonq. This g::oup .or anticoagulants has 2 case of human anticoagulant toxicity. The sampling was
greater efficacy in warfarin-resistant rats bccaus; of Prompted by coagulopathies of y nknown origin. In this in.
Increased potency and prolonged duration of action, stance, the 8as chromatography/mass Spectrometry (GC/MS)

. The effectiveness of these rodenticides has led 1o ip- method designed for tissue was adapted to seryim as an g1,

creased usage in bait formulations available commer- jemare and unequivocal means of confirmation.

cially, which has created a significant problem of an- Pathology procedures. All organs were examined grossly,
*- ticoagulant toxicosis in. nontarget species, principally  and Iepresentative samiples were fixed in 10% buffered neu- "
dogs and cats.* tral formalin. Fixed tissues were embedded in paraffin, sec- -

Analytical procedures Diphacinene (DC) content of liver
was determined by adapting published methods? to capillary
. . . g or packed-column GC/MS forthe analysis of benzophenone,
The purpose of this report is 10 summarize the clinical the product of chromic acid oxidation. Tons 105 and 182
Signs, treatment, lesions, and analytical results of cases | were selectively monitored by GO/MS -

of second-generation anticoagulant_ .r°d°ntic£_d° POi- Brodifacoum (BF) concentrations in serum were deter-
Soning submitted 1o the Texas Veterinary Medicai Dj. mined using high pressure liquid chromatography. Brodi.
agnostic Laboratory during 1986 and 1987 facoum (BF) and BD concentrations in liver were determined
. utilizing chromic acid oxidation methods¢ with packed-col-

Materials and methods umn or capillary GC/MS analysis for the common derivation

Case hisiories. Nine canine (6 male and 3 female) and | product, mcthyl_—4-bromo§cnzoatc (MBEB). Ions 214and 216

—_— cially
. From the Texas Veterinary Medical Diagnosiic Laboratory, PO
Drawer 3040. College Station. TX 7734] Dr. Murphy's present Resuits
address is Minnesota Veterinary Diagnostc Laboratory, University Patlzaiogr’cal ﬁndfngs. The most ﬁ,cquem!y ob-
of Minnesota, §;. Paul. MN s5108. . .
Presented at the 30th Annual Meeting of the AAVLD, Salt Lake  5€TVed postmoriem findings were hemoperitoneum,
City, UT. October 26-27, 1987, hemothorax, and pulmonary hemorrhage, Specificaily,
Received for publicatjon October 26, 1987 lesions included hemopen'cardium, suffusive suben-
66
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Comments

No known eXposure

Violent struggle prior
10 death suggesied

Known exposure to di-

phacinone bajt

Known exposure to di- .
phacinone baij;

Ingested brodifacoym
bait

Ingested brodifacol_am

* Known exposure to

bromadiolone bait

Known exposure 1o

Table 1. Histories and lesions of anu'coagulam-poisoned dnimals.
Case
no. Species History Necropsy findings Histopathology findings
| Canine Presenied with hematuria Diffuse hemorrhages Purulent cystius: hemor-
{male} weakness; unresponsive around base of heart, rhage of heart. mesen-
10 vitamin K, therapy; kidney, and bladder, and lery, and perirenal far
died within omentym: red-
‘ - dened bladder mucosa;
- subendocardial hemor.
rhage
1 Canine Previously nomal; foynd Epistaxis: pale mucous No significant lesions
{maie) dead membranes: petechia-
- tion of serous surface of
lungs; congested intes-
tine; hemoperitoneum
3 Canine Found dead Hcmopcriurdium; free Not done
{maie) blood a1 wrachea] bifur-
Cation and in digestive
tract; hematuria -
4 Canine Found deag “Hemothorax: clor in ante- Acute centrolobuiar
' (maie) _ rior mediastinum congestion and vacuolar
o L . _ , swelling of heparocytes
5 Canine Found dead: bleeding from Hemothorax: hemoperito- Not done
(femaic) mouth : acum; hemorrbagic - '
lungs and free bloed in
: intestinal lumen; mejena _ )
6  Canine Presented for fire ant bites; | Hemoperitoneum: congest-  Congestion and terminal
(male) died during night cd lungs; pale liver edema of lungs
7 Canine Lethargy; labored breath-
{female) ing; ventral hematornas:
responded to vitamin K,
therapy .
-8  Feline Lethargy: responded to vi-
- .{male) amin K, therapy . bait
9  Canine Bleeding'from'modm: sei Hemothorax: unclotted PMA; pulmonary conges-
(male) Zure: presented dead blood in cardizc cham- tion and edema
’ bers
10 Canine Presented comatose: pro- Hemothorax: hematomasg Acute hemorrhage (subcu-
(female) | longed clotting time: tancous and arpund tra.

died shontly afijer

chea)

bromadigigne bait

and hemoglobinuric nephrosis,
Analytical resufss. Results of analyses of sera and
liver specimens for second-generation anticoaguiang
rodenticides are shown in Tahje 2. Generaily, very low
Concentrations of BF were detected in scra, whiie higher

from spikeq liver samples were in the 60-7(% range,
accounting for the 35-70% yields of MBB from these

compounds ( unpublished data),

Analysis of hyman serum for confimation of inges-

tion of BF yielded 2 rather high concentra
as compared to those found in anima

massive and/or recenp dose.

Discussion

uon of BF
Is. suggesting a
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Table 2. Results of anticoagutant assays of specimens from poi-
soned antmals.

Method of

Case no. Sample analysis Result (conc.)
l Seum HPLC ND* {brodifacoum)
Liver GC/MS Brodifacoum (2.0 ppm)
2 Serum HPLC Brodifacoum (0.001 ppm)
: ‘Liver  GC/MS- Brodifacoum (1.2 ppm)
3 Liver GC/MS Diphacinone (0.2} Ppm)
4 Liver GC/MS Diphacinone (0.15 ppm)
5 Liver GCO/MS Brodifacoumn (12.7 ppm)
6 Liver GC/MS Diphacinone (0.11 ppm)
7 Seram  HPLC Brodifacoum (0.002 ppm)t
8 Serum HPLC Brodifacoum (0.009 ppmit
9 Liver GC/MS Bromadiolone {0.16 ppm)
10 Liver GO/MS Bromadiolone (0.039 ppm)
Human Serum  HPLC, Brodifacoum (1.5 ppm)
{female) GO/MS

* ND = none detected.

t Initial concenirations. The serum BF concentrations were mon-

itored until levels dropped below 0.5 ppb.

_ disseminated intravascular.coagtdopathy, heat stroke, -

aflatoxicosis, inherited clotting factor deficiencies, etc.)

must be considered. Clinical chemistry assays dem- .

onstrating clotting deficiencies are useful, but either a
history of exposure or analytical confirmation is nec-
essary to verify diagnosis. Presenting signs, gross le-
sions, and microscopic lesions are supportive and pre-
dictable, but not diagnostic. Screening methods are
available for baits and feeds,” but no single method
.exists for the multiresidye determination of antico-
agulants in tissues. At present, an analyst must rely on
multipie and complementary methods to assay for low
concentrations of various rodenticides,

Although concentrations are low, BF persists in sera
for 2-3 weeks, and excretion is represented by a2
2-compartment open model.* However, persistence of
BF and other second-generation anticoagulants in liver
has not been defined, and longer periods may be re-
quired for these compounds to be climinated com-
pletety. ‘

Second-generation anticoagulant rodenticides are
both toxic and hazardous to hontarget species, and
accurate diagnosis is essential for favorable prognosis
and prevention of additional poisonings. As analytical
SUpport is expensive, time-consuming, and not widely
available, often a detailed clinical history and workup
are the only criteria on which to base the diagnosis.

* There is a need for selective and sensitive multiresidue

methods to diagnose second-generation anticoagulant
poisonings. '
Two of the 10 cases in this report responded suc-
cessfully to vitamin K, therapy. In both instances, the
serum BF concentrations were monitored untif the
concentrations dropped below 0.5 ppb, at which time

vitamin K, ‘therapy was discontinued.  These cases -

demonstrate the value of utilizing serum concentra-
tions in evaluating treatment regimens. Unfortunatety,
only BF car be detected in sera at this time, necessi.
tating that methods for detecting the other second-
generation anticoagulants be developed.
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CONTRACTILE RESPONSE OF TAE RAT FORESTOMACH.
c.rT. Halsh, E.B. Ryden and x.x. Harnetr. Dept,
of Pharmacology, Boston Universiey Medical

Center, Boston, MA. Sponsor: " ].x. le!!il-

en
ivity to methacholing (1.6:10‘7H). 43 has Been
shown Previously. Philnatiguine-tnduced increase
in tension wag also significantly 8Teater in cis-
sue from lead~treated Tats. Electric field stim-
ulation (1lHz, lmgec, 1lo0v) Produced a contraction
attributable to postganglionic acetylcholine re~
lease. Thia Tesponse wvas unaltered in lead-
treated tissue,
Intoxication did not fmpair the contractile
apparafns'of‘the—fore:tomach smooth muscle. The
lack of pet effect on activation of intramural
cholinergic neurons, despite the enhanced sen-
sitiviey to cholinergic agonists, may indicace

- reduction in acetylcholine release in lead-

treated cissue. (Supported by NIEHS Grant 02665.)

RESPDNSE TO WARFARIN IN RATS. 5.
Chakrabaret. Dép. Médecine du travail et hygians

du milieu, Fac. wéd., Univ. Hon:réal.P.Q..Canada

Exposure to styrene (5), trichloroethylene (ICE)
and carbon tetrachloride {CT) is known to pProduce
hepatocoxic effects in animals and humansg. Wer-
farin (W), the coumarin Anticoagulane, ig mostly
elininated by hepatic biotransformation and the
site of ity anticoagulant action is located in
the liver. Therefore, the effects of above sol-
vents on the antidcagulane Tesponse to W ware
studied {n male Sprlgue-Dlwley Facts. Groups of
Tats were given 1.p. injections of either S (0.6
and 1.2 g/kg) or TCE (5.6 and 11.1 mmole/kg) or

Doses of
solvents used in chis study shoved hepatocoxic
effects as verified by significant increases in
serum Lransaningses response, 4 significant {g-
Crease in prothrombin time (P.T.) was seen vhen
W vag treated sinultlneously with S or TCE at any
doge level, but DOC 80 with CT. aq incresse 1p

activicies dye to each solvent was nor further
increaged due to .
on the P.T, In-vivo Setabolism of S or ICE was
ROt modified by W. so, 4cCute exposure to oTganic
solvents may lead to enhanced anticoagulanc re-
Spouse o W, (Supported in part by IRSST,QuébecL
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CONCENTRATIONS AXD COASULOPATH]
EFFECTS IN ANTI POISONED pogs TREATED ¢
WITH VITAMIN K. M. Murphy, A.C. Ra » B. Noody
and J.C. Reagor. Texas Veterinary Heaical Ofag-
nostic Laboratory, College Station, Texas,

kg} over a three-day period (9.33 m9/kg/day p.o. ).
Vitamin ) therapy (0.8 my/kg, TID for § days) was
initiated at the onset of hfe-threatening eleva-
tiong of clotting parzmeters, Coagulopathy was

. mnitored-using Packed cell volume, total protefli.

activateq clotting time (ACT), prothrombin time
{PT}, and partial thromboplastin time, Following
ether and ether:acetonitrile extractions of serum,
BF concentratfons wers determined using reverge
phase chromatography with U.V. (254 nm, 313 nm)
313 rm, demiss 375 nm)

concentrations peaked at 1,15 ug/ml on day 4, fol-
fowing fnital exposure, Stgnificant coagulopathy
(ACT, "190; PT, 61) was 3pparent by days 8-10, BF
conce..trations at the time of initiation of ther
apy (day 10) were 37-83 ng/ml. Clotting factors

with a distributive phase t 1/2 of 1.4
elimination phase t 1/2 of ays.

OXIDE.
»_Lock, R.E. Hand, Jr, g F. Stenglein, Bi0l. Div,
Oak Ridge Nationai Laboratory, cax Ridg;. N

Preﬁious studies have shown that exposure of
wice (C57B/64) o 255 ppm of ethylene oxide (ETO0)

hyptrproliferation with an assoclated deficte in
the lynphocy:e population, In the firse of thias
Series of éXperiments male Fi44 rats and male
BALB/c mice were exposed to 255 PPm ETO for S
days/week for 2 weeks, Body and spleen veights
“ere recorded for all animals, Bone DATTOW was
counted and aliquots were stained with propidium
iodide (PY) fqor flow CYtomeeric (Ortho 50H) an-~
Forvard and gg* SCALter parameters
allowed quantification of the Branulocyte and
lymphoeytre Populations, Cell cycle information

and gEranulocyte Populations were depressed by
291, 58T and 30z Fespectively following &xposure
to ETO. Cells ig the Gl phase were most sevgre-—
ly affeceed. Conversely ratg exposed to ETO had
slight increases ip total marrow cellularity
with both the granulocycic and lymphocycic pop-
ulations contributing to this increase.

(Research sponscred by OHER,
USDOE under contract DE—ACOS-S&ORZI&OO with
Marein Martecry Energy Systems Inc.)
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